JOURNAL OF APPLIED BEHAVIOR ANALYSIS

2012, 45, 161-165

NUMBER 1 (SPRING 2012)

VOUCHER-BASED REINFORCEMENT FOR ALCOHOL ABSTINENCE
USING THE ETHYL-GLUCURONIDE ALCOHOL BIOMARKER
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This study assessed the effects of a contingency management (CM) intervention for alcohol
consumption in 10 alcohol-dependent participants. An ABCA design was used. Vouchers were
provided contingent on results of ethyl glucuronide (EtG) urine tests (an alcohol biomarker with
a 2-day detection period) and alcohol breath tests during the C phase. The percentage of negative
urines was 35% during the first baseline phase, 69% during the C phase, and 20% during the
return-to-baseline phase. Results suggest that EtG urine tests may be a feasible method to deliver

CM to promote alcohol abstinence.
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Contingency management (CM) has been
supported extensively as a strategy to promote
abstinence from illicit drugs (Prendergast,
Podus, Finney, Greenwell, & Roll, 2006).
Widespread investigation of CM as a treatment
for drug use has been based, in part, on the
availability of low-cost immunoassay urine drug
tests, which immediately detect drug use for
at least 2 days prior to testing and provide
immediate results. These tests can be adminis-
tered two to three times a week to verify
abstinence.
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Despite initial findings that support CM as
a treatment for alcohol use (Petry, Martin,
Cooney, & Kranzler, 2000), continued investi-
gations have been limited primarily because
breath tests, the most commonly used objective
measure of alcohol use, detect use only up to
12 hr (Warner & Sharma, 2009). In contrast,
ethyl glucuronide (EtG), a metabolite of
alcohol, has a detection period in urine of up
to 3 days (see Litten, Bradley, & Moss, 2010,
for a review), depending on the amount of
alcohol consumed and individual factors (e.g.,
an individual’s weight). EtG testing is increas-
ingly being used in forensic, employment
screening, and treatment settings (Litten et al.,
2010).

EtG can be assessed in urine using liquid

chromatography mass spectrometry (LC/MS)
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or a relatively low-cost immunoassay (EtG-I).
EtG-I analyses are available through commer-
cial drug-testing laboratories or by using an
onsite nonlaboratory-based analyzer. EtG-I is
an alcohol biomarker that may be superior to
breath tests and is suitable for use in a CM
intervention.

This study investigated the effects of a
voucher-based CM intervention in 15 alcohol-
dependent adults using an ABCA design. The
EtG-I biomarker and alcohol breath tests served
as the basis for reinforcement of abstinence.

METHOD

Participants

Participants were 15 adults (21 to 65 years-
old, M = 29; SD = 8.8) who met criteria for
current alcohol dependence. Ten participants
had a self-reported history of methamphetamine
use. The majority of participants were male
(87%, n = 13), Caucasian (80%, » = 12), and
unemployed (67%, n» = 10). Participants were
included in the study if they were 21 to 65 years
of age and reported at least four drinking
episodes each week (three or more drinks per
episode) during 30 days prior to study entry.
Individuals were excluded if they had a history
of alcohol withdrawal, were using methamphet-
amine during the 30 days prior to study entry, or
were unsafe to participate. Participants were not
enrolled in alcohol treatment.

Measures

Urine and breath samples were collected
at an initial intake assessment and on every
Monday and Thursday during the 9 weeks
of participation. Urine samples were sent to
American Drug Testing, Spokane, Washington,
where EtG-I urine tests were conducted using
a Microgenics MGC-240 analyzer and the
DRI ethyl glucuronide enzyme immunoassay
(Thermo-Fisher Scientific). A cutoff level of
500 ng/ml was used (Bottcher, Beck, &
Helander, 2008). Twice weekly, monitoring of
alcohol use was based on monitoring schedules
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used in CM studies of stimulants (which are
detectable in urine for 2 to 3 days; Petry et al.,
2005). Alcohol breath tests (Alcosensor Breath-
alyzer) were considered positive if blood alcohol
concentration was greater than 0.001%. The
alcohol Timeline Follow Back (TLFB; Sobell &
Sobell, 2000) was completed at all study
sessions (after the delivery of reinforcers) to
assess drinking since the last study visit.

Procedure

Approval for this study was provided by
appropriate institutional review boards. Partic-
ipants were recruited using online advertise-
ments that requested individuals who had a
history of problematic alcohol and metham-
phetamine use. Individuals with a history of
comorbid methamphetamine use were recruited
because of the research team’s interest in
improving treatment options for this popula-
tion. Sixty-nine persons responded to the
advertisement. Forty-five were screened for
initial inclusion criteria over the telephone.
Twenty-nine individuals were deemed eligible
to participate. Fourteen of these individuals
were no longer interested or did not attend an
initial study appointment. Fifteen individuals
provided written informed consent and partic-
ipated in study procedures, which were con-
ducted at Washington State University.

Design

An ABCA design was used. During the A and
B phases, participants received $5 for each study
visit if they provided both urine and breath
samples. The baseline and return-to-baseline
phases lasted 2 weeks. During a 1-week B phase,
payment continued for urine and breath tests,
and participants were warned that alcohol use
during this week could result in positive EtG-I
tests during the 1st week of the CM phase and
failure to earn vouchers. This phase was
included due to concerns about the oversensi-
tivity and possible detection window of EtG-I.

During the 4-week CM (C) phase of the

study, voucher values were based on an
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escalating schedule of reinforcement (Roll &
Higgins, 2000). Participants received $5 for the
first contingent phase visit in which alcohol-free
breath and urine tests were provided. The value
of subsequent vouchers increased by $2 for each
consecutive visit in which negative alcohol
samples were provided. Positive alcohol samples
or nonattendance resulted in no voucher for
that visit and a reset of the voucher value to
$5, which escalated thereafter in the manner
described above. Continuously abstinent par-
ticipants could earn up to $96. Voucher values
were selected to be consistent with previous
research that demonstrated increased abstinence
using similar voucher values (Higgins et al.,
1994). Because an offsite laboratory analyzed
the urine samples, EtG-I results were available
prior to the next study visit. Thus, vouchers
were contingent on the EtG-I result from the
previous visit and the breath test from the
current visit. The additional contingency of
alcohol-negative breath tests was selected to
ensure that reinforcers were not provided to
individuals who recently used alcohol or were
intoxicated.

During the final study visit, participants
received a brief intervention that was comprised
of motivational interviewing and referrals to
alcohol treatment providers. Those who com-
pleted all study visits received a $30 gift card.

Statistical Analysis

To supplement visual analysis, effects of CM
on alcohol abstinence were assessed using
generalized estimating equations (GEE), in
which the main effect of time was entered and
compared outcomes during Phases B and C
to the baseline phase. GEE is a method of
analyzing data that is similar to repeated
ANOVA; however, GEE
continuous and binomial outcomes (Hardin
& Hilbe, 2003). Missing EtG-I samples were
coded as positive. Because no alcohol breath
tests were positive, these data were not analyzed

statistically. TLFB data also were analyzed using
GEE. Alpha was set at .05. Odds ratios were

measures allows
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calculated using GEE analyses. In addition,
measures of sensitivity (true positives divided by
true positives plus false negatives) and specificity
(true negatives divided by true negatives plus
false positives) were calculated to assess the
performance of the EtG-l test. Sensitivity
indicates the ability of the test to detect a
positive result, and specificity indicates the
ability of the test to detect a negative result.
The “standard” in this analysis was self-
reported drinking assessed via the TLFB. Self-
reported drinking was used as the standard
because vouchers were not contingent on self-
report data, the TLFB has been validated
extensively in previous research (Sobell &
Sobell, 2000), and other validity outcomes,
such as objective observation of use or quanti-
tative EtG testing (e.g., LC/MS), were not
feasible as part of this small study.

RESULTS AND DISCUSSION

Nine of 15 participants submitted an alcohol-
negative EtG-I sample at study intake. Two
participants did not complete the baseline
phase of the study, and three participants were
continuously abstinent throughout the base-
line and sobriety warning phases. Therefore, it
was not possible to investigate changes in
abstinence associated with CM for these five
participants. Figure 1 shows the alcohol urine-
test results for the remaining 10 participants.
The percentage of alcohol-negative EtG-I tests
across the study was 35% (first baseline phase),
60% (B phase), 69% (C phase), and 20%
(return-to-baseline phase). Statistical analyses
of these 10 participants indicated that they
were significantly more likely to submit
alcohol-negative urines during the CM treat-
ment phase of the study than in the baseline
phase (odds ratio = 4.71, > = (1) 8.15, p <
.05). Although alcohol-negative samples were
more likely to be submitted during the sobriety
warning phase than in the baseline phase, this
difference was not statistically significant. The

self-reports of alcohol use (TLFB) revealed a
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Figure 1.  Alcohol urinalysis results for individual participants. The solid thick lines indicate a negative result. The

solid thinner lines indicate a positive result. A break in the line indicates that the participant did not provide a

urine sample.

similar pattern relative to the urine tests.
Relative to the first baseline phase (37% days
abstinent), participants reported significantly
higher levels of self-reported days of abstinence
during the sobriety warning phase (65% days
abstinent; x> = (1) 16.67, p < .05), and the
CM phase (63% days abstinent; ¥*> = (1)
35.31, p < .05). Participants reported absti-
nence for 43% of days during the return-to-
baseline phase. Participants earned an average
of $77 (SD = $27) during the CM phase.
Agreement between EtG-I and self-report
was 74% (142 of 193 samples) when EtG-I
results were compared to self-reported drinking
of at least two standard drinks per day over the
2 days prior to collection of each urine sample
(a detection period that has been supported
in previous research; McDonell et al., 2011).
Using self-reported drinking as a validity
outcome, the specificity of EtG-I was high
(97%). The high specificity of EtG-I observed

in this study does not support previous concerns

regarding inadvertent positive tests due to
ingestion of mouthwash or other products that
contain small amounts of ethanol (Litten et al.,
2010).

The sensitivity of EtG-I using a cutoff
of 500 ng/ml was superior to breath tests
(sensitivity = 0). EtG-I was able to accurately
detect self-reported drinking 75% and 50% of
the time when participants reported drinking 1
or 2 days prior to EtG-I testing, respectively.
EtG-I was more likely to detect self-reported
drinking (sensitivity 75%, specificity
90%) when drinking occurred almost daily
(i.e., two or standard drinks were
consumed during at least 3 of the 4 days prior
to EtG-I testing). Therefore, using a 500 ng/ml
cutoff, EtG-I was able to detect low levels of
drinking the day prior to testing, as well as
drinking that occurred nearly daily. Detecting
infrequent drinking, particularly when it occurs
2 or more days prior to testing, may require use
of a lower EtG-I cutoff level.

more
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Several limitations of this study should be
noted. First, although none of the breath tests
were positive for alcohol use, it is possible that
administration of breath tests, and not EtG-I
tests alone, influenced participants’ behavior
during the CM phase. Future studies using an
on-site analyzer would allow immediate EtG-I
results and delivery of reinforcers without using
breath tests. Although purchase of an analyzer
involves a high initial cost (approximately
$30,000 to $35,000), each EtG-I test can be
conducted at a cost (as low as $1 to $2 per test)
that is substantially below the fee charged
for EtG-I testing by commercial drug-testing
companies ($10 to $12 per test). Purchasing an
on-site analyzer might be a cost-effective option
for treatment agencies that implement a high-
volume CM intervention. Second, the study
design does not allow us to isolate the variables
that were responsible for the changes in
abstinence during the sobriety warning (B)
phase. It is possible that participants’ behavior
might have been influenced by rule-governed
behavior (e.g., the verbal warning about the
upcoming contingency). Finally, this study was
not designed to be a formal evaluation of EtG-I
accuracy. In particular, the small sample size
and use of self-reported drinking as a validity
outcome limit conclusions about EtG-I accura-
cy. Evaluating EtG-I accuracy should involve a
larger sample, include observation and verifica-
tion of drinking behavior, and administer
quantitative EtG analyses with established
accuracy (e.g., LC/MS).

Despite these limitations, the results suggest
that a CM intervention based on EtG-I has the
potential to provide clinically significant reduc-
tions in alcohol use. Future studies are needed
to determine if the intervention (using an on-
site analyzer with lower cutoffs for a positive
test) with a longer duration is both feasible and
effective in promoting alcohol abstinence.
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